In a series of 4 experiments, we tested children's understanding that the causes of their actions must necessarily be attributed to information known prior to (i.e., "pre-action" information), rather than after (i.e., "post-action" information), the completion of their actions. For example, children were shown a dog, asked to get some cheese to feed the dog, and then returned to discover a mouse. In Experiment 1, the majority of 3-, 4-, and 5-year-olds claimed that they had gotten the cheese to feed the mouse. In Experiments 2 and 3, we ruled out the possibilities that (1) children had forgotten the critical "pre-action" information (e.g., "dog"), and (2) children had merely attributed the cause of their action to the most recent item (e.g., "dog") that they had seen. Finally, in Experiment 4, we determined that 7-year-olds, but not 6-year-olds, correctly attributed the cause of their action to the pre-action information, suggesting that this is the age at which children are no longer influenced by associative post-action information when explaining the causes of their actions. These results are discussed in terms of their relevance for causal reasoning, action explanation, and memory.
Causal reasoning is argued to be a "developmental primitive" (Wellman & Gelman, 1998) and an important "building block" for cognition (Goswami, 1998) . Indeed, by 6 months of age, infants are believed to have some understanding of mechanical causation (e.g., Leslie, 1982) and, by the preschool years, children show considerable understanding of physical (e.g., Bullock & Gelman, 1979; Das Gupta & Bryant, 1989; Kun, 1978; Rankin & McCormack, 2013) , biological (e.g., Gelman & Wellman, 1991) , and psychological (e.g., Bartsch & Wellman, 1989; Hickling & Wellman, 2001; Wellman & Bartsch, 1988) causality, with these abilities improving between 3 and 4 years of age (e.g., Buchanan & Sobel, 2011; Bullock, 1985; Das Gupta & Bryant, 1989) .
Integral to a mature concept of physical causality is an understanding of Hume's (1748, as cited in Goswami, 2008 ) principles of priority, covariation, and temporal contiguity. In this article, we are particularly interested in the priority principle, or the understanding that causes precede their effects (Goswami, 2008) . From a young age children appear to reason according to this principle (e.g., Bullock & Gelman, 1979; Rankin & McCormack, 2013) . For example, a classic study by Bullock and Gelman explored preschoolers' understanding of the priority principle by using a "jackin-the-box" apparatus-a long opaque box with one opening at each end and a large opening in the middle where the jack appeared. One puppet dropped a marble down the hole at one end before the jack jumped, whereas another puppet dropped a marble down the hole at the other end after he had jumped. Even 3-yearolds tended to correctly respond that the first marble had made the jack jump.
In this type of experiment, children's reasoning is about objects in the physical world. Yet, an important issue to consider is whether children's reasoning about aspects of the psychological world also abides by the priority principle. More specifically, do children assume that the causes of their own actions must also be events/information that preceded the actions themselves, or are there particular contexts that lead them to abandon this principle?
Consider the following example: A child is asked to get some cheese to feed a dog. When the child returns with the cheese, he discovers that the dog has disappeared and a mouse has replaced it! Were the child then asked why he went to get the cheese, would he explain his action by (correctly) referring to the dog or (incorrectly) referring to the mouse? To our knowledge, this question has not been explored, yet its answer has important implications for children's causal reasoning, explanatory competence, and memory. In what follows, we discuss findings from several different areas of cognitive development that are relevant to answering this question. These findings all highlight contexts in which causally irrelevant information influences children's reasoning about a prior intention/belief.
The first set of findings is in the area of children's understanding of prior intentions and suggests that children do not always use the priority principle when reasoning about their own actions (e.g., Bradmetz & Amiotte-Suchet, 2001; Gopnik & Slaughter, 1991; Russell, Hill, & Franco, 2001 ). For example, Gopnik and Slaughter (1991) asked children to draw a red ball. Once children had drawn the outline of the ball, the experimenter showed them an apple and told them that their drawing looked like the apple. She then asked children whether they could draw an apple instead. After children had done so, the experimenter asked them what their original intention had been. Almost half of the 3-year-olds incorrectly responded "apple," whereas almost all of the 4-year-olds responded "ball."
Similarly, Russell et al. (2001) assessed preschoolers' understanding that one can be mistaken (or have "false ideas") about the goal of a current action (or as Searle, 1983 , refers to it, "intentionsin-action") by using a "transparent intentions" task. In the falsebelief version of the task, children were presented with a plastic transparency on which an incomplete drawing (e.g., boy's head missing an ear) appeared. They were then asked to complete the drawing (i.e., draw the ear) and, once they had, they were shown that what they had drawn had unexpectedly completed another drawing (i.e., the handle of a cup). Children were then asked whether they had intended to draw an ear or a handle and whether they had thought they were drawing an ear or a handle. In the true-belief version of the task, children were given only one transparency (e.g., a drawing of an incomplete cup). After having drawn the missing feature (i.e., handle), the transparency was placed on top of the other one (showing the boy's face) after which the same questions as in the false-belief version were asked. Thus, in both cases, children had to ignore outcome knowledge to correctly reason about their prior intention. Interestingly, 3-and 4-year-olds performed no differently in the false-and true-belief versions of the task. However, overall, 4-year-olds were better than 3-year-olds at reporting their past intentions (i.e., what they had "meant" to do). Russell et al. (2001) argue that young preschoolers have difficulty reporting a past mental state (e.g., intention to complete the drawing of the boy) when it conflicts with current information (e.g., the ear they drew is now the handle of a cup).
Finally, using a paradigm aimed at assessing children's ability to explain actions that were based on a past false belief, Atance and O'Neill (2004; see also, Atance, Metcalf, & Zuijdwijk, 2012; Bartsch, Campbell, & Troseth, 2007) showed children a crayon box and asked them to state what was inside. Once children responded "crayons," they were asked to get some paper (that had been placed nearby) to draw on with the crayons. When children returned with the paper, they were shown that the box actually contained candles. Importantly, children were asked to explain why they went to get the paper. Across a number of different contexts, 3-year-olds had difficulty correctly explaining that the reason they went to get the paper was to draw on it with the crayons. In this study, children were asked to explain rather than merely identify or predict their false belief because it has been argued (e.g., Bartsch et al., 2007 ) that children's explanationsmore so than predictions, for example-provide an especially sensitive means of assessing children's psychological understanding and developmental change, more broadly. Accordingly, in the current study, we also solicit children's explanations for the causes of their actions.
An important point to glean from all of the studies discussed thus far is that 3-and 4-year-olds' reporting of their prior intentions/false beliefs/actions is sometimes influenced by information that has only become known to them after, not before, they had acted. These findings differ somewhat from those of Bullock and Gelman (1979) , for example, that show that children as young as 3 abide by the priority principle in their reasoning about the physical world. However, such "prior intention/action" tasks also require that children have an understanding of misrepresentation (e.g., recognizing that they falsely believed they were drawing the boy's ear), as well as the ability to inhibit conflicting outcome knowledge. As such, it is not altogether surprising that 3-year-olds, and even 4-year-olds, have difficulty because it is not until around age 5 that children develop a more adult-like understanding of misrepresentation (e.g., Wellman, Cross, & Watson, 2001) , along with better-developed inhibitory control skills (e.g., Zelazo & Carlson, 2012 ).
Yet, even at age 5 (and older), memory is nevertheless influenced by outcome knowledge, especially when this knowledge is consistent with prior intentions/actions. For example, in the Russell et al. (2001) study, a half-moon shape is equally consistent with a boy's ear and the handle of a teacup. Similarly, in Gopnik and Slaughter (1991), a circle is just as easily turned into a ball as an apple. Thus, an interesting question is how children would perform on similar tasks when the outcome information is more strongly associated or consistent with the prior intention than the initial information upon which children acted. For example, in the "dog" and "mouse" example described earlier in this article, "cheese" is more strongly associated with "mouse" than it is with "dog." An important area that pertains to this question is the study of memory and scripts.
Much of our knowledge is organized in scripts or schemas for familiar places, objects, people, events, and routines (Mandler, 1979) . By 3 years of age, children possess script-based knowledge (e.g., what happens when you go to a birthday party; Hudson, Fivush, & Kuebli, 1992; Hudson & Shapiro, 1991) , and this knowledge is critical in organizing their memory for past events. Although relying on script information can benefit one's memory (i.e., script-typical information can be easier to remember), it can also incur costs (Bower, Black, & Turner, 1979; Myles-Worsley, Cromer, & Dodd, 1986; Ornstein et al., 1998) . For example, in a study of memory for scripts, Bower et al. found that information that was implied by the script but not explicitly stated interfered in recall and caused false alarms in recognition tests. Why might these findings be relevant for children's explanations for the causes of their actions? Given that scripts can bias both adults' and children's recall of past events, it is possible that when outcome information is consistent with a script for action (e.g., feeding cheese to a mouse) but not with the actual cause for action (e.g., feeding cheese to a dog), action explanations may be inaccurate.
In summary, the research reviewed thus far suggests that 3-yearolds tend to abide by the priority principle when making judgments about the physical world (e.g., which marble caused the jack to jump; Bullock & Gelman, 1979; Rankin & McCormack, 2013) . However, when reasoning about intentional action, for example, 3-year-olds will often change/misstate their prior intention to fit with an outcome that is associated with their action (e.g., Gopnik & Slaughter, 1991) , seemingly "violating" the priority principle. More broadly, the knowledge that children have about the world (e.g., scripts) can often bias their memory for past events. Returning to the "dog-mouse" scenario described earlier, research suggests that 3-year-olds (and also possibly 4-year-olds) should have difficulty with this scenario because the belief upon which their intention was based (i.e., dog present) was unexpectedly changed This document is copyrighted by the American Psychological Association or one of its allied publishers.
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(i.e., mouse present). However, it is unclear how older children (i.e., 5-year-olds) would perform in this context. Although they should be adept at reporting their prior intention (i.e., "to feed the dog"), the association that they hold between "cheese" and "mouse" (or, the script "feeding cheese to a mouse") is stronger than the association between "cheese" and "dog." As such, it is possible that this associative knowledge will compete with (and possibly override) 5-year-olds' understanding of the priority principle and/or false belief, for example, thus leading them to explain their action by stating that they had intended to feed cheese to the mouse rather than to the dog. Assessing how children explain their actions in this type of context is important because a sophisticated understanding of causal explanation must include the recognition that, under no circumstances, can information presented after one acted explain the cause of one's action. In a series of three experiments, we tested 3-, 4-, and 5-yearolds' understanding that the causes of their actions must necessarily be attributed to information known prior to (i.e., "pre-action" information), rather than after (i.e., "post-action" information), the completion of their actions. All three experiments entailed variations of the "dog-mouse" scenario described earlier. Despite several manipulations to reduce verbal and memorial demands in Experiments 2-3, all three age groups had difficulty correctly explaining the cause of their action. Thus, in one final experiment, we tested 6-and 7-year-olds using the same tasks as in Experiment 1 to pinpoint when in development children's explanations for the causes of their actions are no longer influenced by "associative" post-action information.
Experiment 1

Method
Participants. The sample included 36 children: twelve 3-year-olds (6 boys; mean age ϭ 41.4 months, range ϭ 38 to 47 months), twelve 4-year-olds (6 boys; mean age ϭ 52.2 months, range ϭ 48 to 56 months), and twelve 5-year-olds (6 boys; mean age ϭ 64.7 months, range ϭ 60 to 71 months). Most participants were from middle-class backgrounds and were predominantly White, but the sample also included several children of Asian and African descent. Children either spoke English as their first language or were bilingual English and French speakers. Participants were recruited in a large city using advertisements in newspapers, daycares, and local retailers. Children received a small gift for their participation.
Design and procedure. Participants were tested individually in a laboratory playroom by a female experimenter. Prior to each testing session, materials were placed in a set of drawers next to the experimenter's chair. Additional materials were placed in a second set of drawers in the hallway outside the testing room. Upon entering the testing room, children were introduced to Elmo (a hand puppet controlled by the experimenter). The experimenter explained to children that they would be playing games with Elmo and that Elmo would be asking them some questions. These "games" consisted of four test trials and four control trials presented in one of three randomized orders with the stipulation that the first trial was always the "crayon" control trial (see "Control trials" section, below) to serve as a warm-up for children. All testing sessions were video recorded.
Test trials.
In the section that follows, we describe the structure of the test trials, using the pennies trial as an example. In all test trials, children were given a reason to perform an action (e.g., retrieve pennies from the hallway to put in a box). This "preaction" information was plausible and consistent with the current state of the world (e.g., children were shown an open box on the table in front of them). While children retrieved the object (and were thus absent from the room), the experimenter replaced the item that was initially on the table (e.g., the box) with another item (e.g., a piggy bank). When children returned with the object, they were shown that the state of the world upon which they had initially acted had changed (e.g., the experimenter said, "Oh look, now there's a piggy bank on the table"). Although this "postaction" information (i.e., piggy bank) was causally irrelevant to the action the children had performed, it was associated with it (i.e., pennies go in piggy banks). The piggy bank remained on the table while children were then asked the action explanation question by "Elmo" (e.g., "Why did you go get the pennies?"). If children did not respond to this question, they were immediately asked a forced-choice question (i.e., "Did you go get the pennies to put them in the box or to put them in the piggy bank?") with the two response options counterbalanced across participants. Note that this forced-choice question was only needed in n ϭ 2 instances across all four test trials in this experiment.
In addition to the pennies trial, children were administered three other test trials. In the sponge trial, children were shown the Elmo doll, and the experimenter then stated: "You know what? Elmo really likes sponges. There's a sponge in the drawer in the hall, can you go get the sponge to show Elmo?" While children were absent from the room, the experimenter poured water on the table. When the children returned to the room, the experimenter stated, "Oh no! I spilled some water on the table!" The water remained on the table while children were then asked the action explanation question by Elmo: "Why did you go get the sponge?" If children did not respond to this question, they were immediately asked a forcedchoice question (i.e., "Did you go get the sponge to clean up the water or to show it to Elmo?") with the two response options counterbalanced across participants.
In the cheese trial, the experimenter placed a stuffed dog on the table and stated: "Look, here's a dog. Can you go get some cheese to feed to the dog? There's some cheese in the drawer in the hall." While children were absent from the room, the experimenter removed the dog from the table and replaced it with a toy mouse. When the children returned to the room, the experimenter stated, "Oh look, now there's a mouse on the table!" The mouse remained on the table while Elmo asked children the action explanation question: "Why did you go get the cheese?" If children did not respond, they were immediately asked a forced-choice question (i.e., "Did you go get the cheese to feed the mouse or to feed the dog?") with the two response options counterbalanced across participants.
In the glue trial, the experimenter stated: "I know that there's some glue in the drawer in the hall, but, I don't know if it's a big bottle or a small bottle of glue. Can you go get the bottle of glue for me so that I can see if it's big or small?" While children retrieved the glue from the drawer, the experimenter placed a smiley face with one eye missing on the table (the missing "eye" was placed next to the smiley face on the table). When the children returned to the room, the experimenter stated, "Oh look, Elmo This document is copyrighted by the American Psychological Association or one of its allied publishers.
found this smiley face and one of its eyes fell off!" The smiley face remained on the table while children were then asked the action explanation question by Elmo: "Why did you go get the glue?" If children did not respond to this question, they were immediately asked a forced-choice question (i.e., "Did you go get the glue so I could see if it was a small bottle or a big bottle or to glue the eye on the smiley face?") with the two response options counterbalanced across participants. Control trials. In addition to the test trials, four control trials were administered to obtain a baseline level of children's explanatory competence when no post-action information was provided. For example, in one control trial (the crayon trial), children were shown a piece of paper and asked to get a crayon to color on the paper. When children returned, the paper was still on the table and children were asked the action explanation question (i.e., "Why did you go get the crayon?"). The three remaining control trials involved retrieving a stamp to put on a letter, a puzzle piece to complete a puzzle, and a picture of an animal to find out what animal it was.
Only at the end of the experimental session were children allowed to perform any of the actions (e.g., put pennies in the piggy bank), if they so desired.
Coding and reliability. The following categories were used to code the action explanation questions for both the test and control trials:
1. pre-action: Explanations that referenced the pre-action information (e.g., "To show Elmo the sponge," "To show him," "To put them [the pennies] in the box," "For the dog," "To see if it [the glue] was huge or small") or referenced the experimenter having asked them to perform the action (e.g., "Because you asked me to") were considered correct and received a score of 1. 1 2. post-action: Explanations that referenced the post-action information (e.g., "To clean up the water," "To put in the piggy bank," "For the mouse," "To glue the eye back on the happy face") were considered incorrect and received a score of 0. 2 3. Irrelevant Response: Irrelevant explanations (e.g., "Because I opened the drawer," "Because the pennies were in the hallway") were also considered incorrect and received a score of 0.
No response:
This category included such responses as "I just wanted to," "Because," and "I don't know" and were also considered incorrect and received a score of 0.
All of the children's explanations were coded by the second author. The fourth author also independently coded 100% of the testing sessions from the DVD recordings. Mean Cohen's kappa was .94 across all variables. All disagreements were resolved through discussion.
Results and Discussion
Preliminary analyses revealed no effects of sex or order of trial administration and so we collapsed the data across these variables. To obtain an overall assessment of the types of explanations that children provided, we summed the action explanation codes across the entire sample for each of the four test trials (n ϭ 144), and the four control trials (n ϭ 144; see Table 1 for a Code ϫ Trial breakdown). Across all age groups, 16.7% of children's explanations on the test trials referenced the pre-action information (e.g., "to feed the dog") and were thus scored as correct, whereas the corresponding percentage on the control trials was 84.7%.
Trial and age differences. We entered children's scores on the test trials (range ϭ 0 to 4) and the control trials (range ϭ 0 to 4) into a mixed analysis of variance (ANOVA), with trial type (test, control) as a within-subjects factor and age (3, 4, 5) as a between-subjects factor. Results revealed a significant main effect of trial type, F(1, 33) ϭ 142.76, p Ͻ .001, p 2 ϭ .81, indicating that children explained their actions correctly significantly more often on the control trials (M ϭ 3.39, SD ϭ 1.08) than on the test trials (M ϭ .67, SD ϭ 1.10). No significant main effect of age or a Trial Type ϫ Age interaction was detected (Figure 1) .
Whereas children performed extremely well on the control trials, their performance on the test trials was poor. This pattern suggests that children's ability to correctly explain the cause of their action was compromised by the associative post-action information and not by the broader capacity to generate an explanation. If so, then varying the associative strength of the postaction information (e.g., strongly vs. weakly associated with children's action) should impact children's performance. However, before doing so we wanted to rule out the possibility that children may have simply been unable to remember/access the initial cause of their action and thus, by default, assumed that their action was premised on a goal related to the new object (e.g., "feed the mouse") that now appeared before them. Such a memory difficulty is different from an "associative" one. We tested this alternative interpretation in Experiment 2 by making the pre-and post-action information equally accessible to children by having photographs of each item present when the test question was asked. If children's limitation is mainly memorial in nature, then they should perform well on the test trials. However, if children are indeed unduly influenced by the association between the new object and their action, they will continue to have difficulty with these trials. Note. Numbers in parentheses represent corresponding percentages.
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Experiment 2 Method
Participants. The sample included 36 children who had not participated in Experiment 1: twelve 3-year-olds (5 boys; mean age ϭ 40.8 months, range ϭ 36 to 47 months), twelve 4-year-olds (6 boys; mean age ϭ 53.2 months, range ϭ 49 to 59 months), and twelve 5-year-olds (6 boys; mean age ϭ 65.1 month, range ϭ 60 to 71 months). Sample characteristics, recruitment, and remuneration were the same as in Experiment 1.
Design and procedure. Participants received four test trials and four control trials presented in one of three randomized orders, with the stipulation that the first trial was always the "crayon" control trial to serve as a warm-up for children.
Test trials. The four test trials were identical to those in Experiment 1, except that the test question was presented in a forced-choice format after the second object (i.e., piggy bank, mouse, smiley face) had been removed from the table. For example, in the pennies trial, children were asked by Elmo "Did you go get the pennies so you could put them in the box or so you could put them in the piggy bank?" (order of options counterbalanced). This test question was accompanied by photographs representing the correct pre-action information (i.e., box) and incorrect postaction information (i.e., piggy bank). Note, however, that for the sponge trial, the water needed to remain on the table because wiping it up may have cued children to what was in fact the incorrect response (i.e., that they went to get the sponge to wipe up the water).
Control trials. The four control trials were identical to those in Experiment 1.
Coding and reliability. Test trials. Children's responses to the test question were considered correct if children pointed to/verbally labeled the photo depicting the pre-action information (e.g., on the cheese trial, the child pointed to/verbally labeled the photo of the dog). Responses were coded as incorrect if children pointed to/verbally labeled the photo depicting the post-action information (e.g., on the cheese trial, the child pointed to/verbally labeled the photo of the mouse), or responded "I don't know."
Control trials. These trials were coded using the same coding scheme described in Experiment 1.
All of the children's responses were coded by the second author. The fourth author independently coded 100% of the testing sessions from the DVD recordings. Mean Cohen's kappa was .95 across all variables. All disagreements were resolved through discussion.
Results and Discussion
Preliminary analyses revealed no effects of sex or order of trial administration and so we collapsed the data across these variables. To obtain an overall assessment of the types of responses that children provided, we summed the codes across the entire sample for each of the four test trials (n ϭ 144), and the four control trials (n ϭ 144; Table 2 ). Across all age groups, 51.4% of children's responses on the test trials referenced the pre-action information and were scored as correct, whereas the corresponding percentage on the control trials was 75.0%.
Trial and age differences. We entered children's scores on the test trials (range ϭ 0 to 4) and the control trials (range ϭ 0 to 4) into a mixed ANOVA, with trial type (test, control) as a within-subjects factor and age (3, 4, 5) as a between-subjects factor. Results revealed a significant main effect of trial type, F(1, 33) ϭ 10.01, p ϭ .003, p 2 ϭ .23, indicating that children's responses were correct significantly more often on the control trials (M ϭ 3.00, SD ϭ 1.37) than on the test trials (M ϭ 2.06, SD ϭ 1.37). No significant main effect of age or a Trial Type ϫ Age interaction was detected (Figure 2) . Moreover, children's performance on each of the test trials was not significantly higher than chance (all ps Ͼ .24).
Presenting the response options in a forced-choice format made the correct and incorrect responses equally accessible to children and thus reduced both verbal and memorial demands. Yet, children did not select the correct explanation for their action significantly more often than chance at any of the three ages. As such, children's poor performance on the test trials in Experiment 1 cannot be explained in terms of memory difficulties alone. This finding supports our claim that children's failure to correctly report the cause of their action on the test trials is at least partly influenced by post-action associative information. Note. Numbers in parentheses represent corresponding percentages. There was one response in the Glue trial that was not codable, thus the n for this trial was 35. This document is copyrighted by the American Psychological Association or one of its allied publishers.
However, another possibility is that children were simply attributing the cause of their action to the most recent object (e.g., "mouse") they had seen on the table. We addressed this possibility in Experiment 3 by assigning children to one of three experimental conditions: (a) post-action associative: In this condition (as in the previous two experiments), the post-action information was more highly associated with children's action than the pre-action information (e.g., children retrieved cheese to feed a dog but then returned to find a mouse); (b) non-associative condition: In this condition, both the pre-and post-action information were equally (un)associated with children's action (e.g., children retrieved cheese to feed a dog but then returned to find a cat), and (c) pre-action associative condition: In this condition, the pre-action information was more highly associated with the action than the post-action information (e.g., children retrieved cheese to feed a mouse but returned to find a dog; see Figure 3 for the two trials used in each condition).
If children are simply attributing the cause of their action to the most recent object that they saw on the table, then they should perform equally poorly in all three conditions because, in each, the last object on the table was not the cause of their action. If, however, it is the associative post-action information that is driving children's errors then they should perform significantly worse on the post-action associative condition compared with both the non-associative and pre-action associative conditions.
Experiment 3 Method
Participants. Participants were eighteen 3-year-olds (11 boys; mean age ϭ 42.4 months, range ϭ 39 to 46 months), nineteen 4-year-olds (11 boys; mean age ϭ 53.4 months, range ϭ 48 to 59 months), and thirteen 5-year-olds (7 boys; mean age ϭ 65.2 months, range ϭ 60 to 70 months). Sample characteristics, recruitment, and remuneration were the same as in Experiments 1 and 2.
Design and procedure. Participants were randomly assigned to one of three conditions that always entailed first receiving the crayon control trial followed by two test trials in counterbalanced order.
Post-action associative condition. The two test trials were identical to the pennies and cheese trials used in Experiment 1 (i.e., children received post-action information that was associated to the action they had just performed), save that a bowl was used instead of the box for the pennies trial.
Non-associative condition. In this condition, pre-and postaction information were both unassociated with children's action. For example, children retrieved pennies to put in a bowl. When children returned with the pennies, a glass had replaced the bowl and, with the glass on the table, Elmo asked them why they had retrieved the pennies (and, if necessary, the corresponding forcedchoice question). In the second test trial, children retrieved cheese to feed a dog. When they returned to find that a cat had replaced the dog, with the cat on the table, they were asked by Elmo why they had retrieved the cheese and, if necessary, the corresponding forced-choice question.
3 Note that the forced-choice question was only asked in n ϭ 2 instances across all three conditions in this experiment.
Pre-action associative condition. In this condition, children's action was more highly associated with the pre-action information than with the post-action information. For example, children retrieved pennies to put in a piggy bank. When they returned, a bowl had replaced the piggy bank and, with the bowl on the table, they were asked why they had retrieved the pennies and, if necessary, the corresponding forced-choice question.
Coding and reliability. Test trials were coded as in Experiment 1, and all of the children's explanations were coded by the fourth author. A trained undergraduate psychology student blind to the experiment's hypotheses independently coded 100% of the testing sessions from the DVD recordings. Mean Cohen's kappa was .99 across all variables. All disagreements were resolved through discussion.
Results and Discussion
Preliminary analyses revealed no effects of sex or counterbalancing order, so we collapsed the data across these variables.
Test trials. To obtain an overall assessment of the types of explanations that children provided, we summed the codes for children's explanations on the two test trials for the post-action associative, non-associative, and pre-action associative conditions (n ϭ 34, n ϭ 34, and n ϭ 32, respectively; see Table 3 for a Code ϫ Condition breakdown).
We entered children's scores on the test trials (range ϭ 0 to 2) into a univariate ANOVA, with condition (post-action associative, non-associative, and pre-action associative) and age (3, 4, 5) as between-subjects factors. Results revealed a significant main effect of condition, F(2, 41) ϭ 11.16, p Ͻ .001, p 2 ϭ .35. No significant 3 To ensure that the pre-and post-action information were equally unassociated with the performed action, half of the children in this condition received reversed versions of the trials described in the text (i.e., they retrieved pennies to put in a glass and returned to find that a bowl had replaced the glass, and retrieved cheese to feed a cat and returned to find that a dog had replaced the cat). Analyses revealed that children's ability to explain their actions in this condition did not differ as a function of item order. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. main effect of age or an Age ϫ Condition interaction was detected (Figure 4 ). Planned contrasts (Fisher's Least Significant Difference, LSD) revealed that, as hypothesized, children performed significantly worse on the post-action associative condition compared with both the non-associative (p Ͻ .05) and pre-action associative (p Ͻ .001) conditions. This finding supports our claim that associative post-action information significantly interferes with children's ability to correctly explain their actions. However, the fact that children also performed significantly better in the pre-action associative condition compared with the non-associative condition (p Ͻ .05) suggests that children are also biased to mention the last object that they saw on the table as the cause of their action.
Experiment 4
In light of the finding that children's performance on the test trials in the previous three experiments did not improve with age, the goal of Experiment 4 was to examine the performance of a group of 6-and 7-year-olds on these same trials. These age groups were chosen because previous research suggests that children's use of scripts and categorical knowledge (e.g., gender stereotypes) becomes more flexible in early childhood (e.g., Hudson & Nelson, 1983; Martin & Ruble, 2004) .
Method
Participants. The sample included 24 children: twelve 6-year-olds (6 boys; mean age ϭ 79.0 months, range ϭ 73 to 83 months) and twelve 7-year-olds (7 boys; mean age ϭ 89.8 months, range ϭ 84 to 94 months). Sample characteristics, recruitment, and remuneration were the same as in the previous experiments.
Design and procedure. Design and procedure were identical to Experiment 1.
Coding and reliability. Test and control trials were coded as in Experiment 1. Note that the forced-choice question (e.g., "Did you go get the pennies to put them in the box or to put them in the piggy bank?") was only asked in one instance in this Experiment. All of the children's explanations were coded by the second This document is copyrighted by the American Psychological Association or one of its allied publishers.
author. The fourth author independently coded 100% of the testing sessions from the DVD recordings. Mean Cohen's kappa was .99 across all variables. All disagreements were resolved through discussion.
Results and Discussion
Trial and age differences. We entered children's scores on the test trials (range ϭ 0 to 4) and the control trials (range ϭ 0 to 4) into a mixed ANOVA, with trial type (test, control) as a within-subjects factor and age (6, 7) as a between-subjects factor. Results revealed a significant main effect of trial type, F(1, 22) ϭ 33.8, p Ͻ .001, p 2 ϭ .61, indicating that children explained their actions correctly more often on the control trials (M ϭ 3.96, SD ϭ .20) than on the test trials (M ϭ 2.33, SD ϭ 1.61). However, this time, a significant main effect of age was also detected, F(1, 22) ϭ 12.46, p ϭ .002, p 2 ϭ .36: 7-year-olds (M ϭ 3.63, SD ϭ .67) performed significantly better than 6-year-olds (M ϭ 2.67, SD ϭ .67). However, these main effects were qualified by a significant Trial Type ϫ Age interaction, F(1, 22) ϭ 9.80, p ϭ .005, p 2 ϭ .31 ( Figure 5 ).
To follow up on this significant interaction, we conducted two one-way ANOVAs with age (6, 7) as the between-subjects factor. The first ANOVA, with test trial scores (range ϭ 0 to 4) as the dependent variable, revealed that 7-year-olds (M ϭ 3.25, SD ϭ 1.14) performed significantly better than 6-year-olds (M ϭ 1.42, SD ϭ 1.51), F(1, 22) ϭ 11.33, p ϭ .003, p 2 ϭ .34 (see Table 4 for response frequencies on each of the test trials). The second ANOVA, with control trial scores as the dependent variable, indicated that 6-year-olds' (M ϭ 3.92, SD ϭ .29) and 7-year-olds' (M ϭ 4.00, SD ϭ .00) performance on the control trials was not significantly different. These results thus suggest that there is an important developmental shift that occurs in the early school years in children's ability to override post-action associative information to consider the (correct) cause of their action.
General Discussion
Understanding that causes precede their effects or, the "priority principle," is critical to a mature concept of causality. Children seem to grasp this principle by 3 years of age as it pertains to the physical world. But, do children also apply it in their reasoning about the psychological world and, more specifically, to identify the causes of their own actions? To address this question, we designed a task in which children were given a plausible cause to perform an action (e.g., get some cheese to feed a dog) but, after doing so, discovered that the "physical evidence" of this cause (i.e., the dog) had disappeared and a new, causally irrelevant, but highly associative, object (a mouse) had replaced it. Children were then asked to explain/identify the cause of their action. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Our results were relatively straightforward. When children were presented with post-action information (e.g., mouse) that was highly associated with their action (e.g., getting cheese), they incorrectly used it to explain their action (e.g., "I went to get the cheese to feed the mouse"; Experiments 1, 2, and 3). One possibility that we subsequently explored in Experiment 2 was that children failed our tasks because they simply could not remember/ access the initial information (e.g., dog) that led to their action. If so, we reasoned that simultaneously providing them with photographs of both the pre-and post-action information (e.g., "dog" and "mouse") would improve their performance. However, results indicated that none of the three age groups chose the correct pre-action information as the cause of their action at higher than chance levels.
A different possibility is that children attributed the cause of their action to the last piece of information with which they had been presented, regardless of whether or not they remembered the initial information. We tested this possibility in Experiment 3 by randomly assigning children to three different conditions. The post-action associative condition was identical in structure to the test trials that children received in Experiment 1. We also included a pre-action associative condition in which the pre-action information (e.g., "mouse") was more highly associated with children's action (e.g., "get cheese") than the post-action information (e.g., "dog"). Finally, we included a non-associative condition in which both the pre-("dog") and post-action (e.g., "cat") information were not associated with children's actions. If children simply attribute the cause of their action to the last piece of information with which they are presented, then we would expect them to have equal difficulty with all three of these conditions because, for each, the last piece of information represents the incorrect cause. However, children performed significantly worse in the post-action associative condition than they did in either the pre-action or nonassociative conditions (Figure 4) . The results of these three experiments thus converge to support the claim that associative postaction information substantially interferes with preschoolers' ability to correctly explain/identify the causes of their actions.
One striking aspect of our results is that the 5-year-olds in our experiments performed no better than the 3-year-olds. We believe that one of the reasons that we did not detect significant agerelated differences is because the younger (i.e., 3-year-olds) and older (i.e., 4-to 6-year-olds) children were failing our tasks for different reasons. Specifically, the primary source of difficulty for the 3-year-olds may have centered on understanding false beliefs. That is, to succeed, children may have needed to acknowledge that they had falsely believed, or "expected," that the dog, for example, would be present when they returned. This difficulty, combined with limitations in executive functioning, most notably inhibitory control, may have led younger children to err on our tasks. As such, a future direction of research is to run our task alongside tasks of executive functioning and theory of mind. Because children's performance on such tasks improves quite dramatically between ages 3 and 5, it may be that these factors predict younger, but not older, children's performance on our task.
An additional factor that may have contributed to younger preschoolers' difficulty with our task includes hindsight bias (e.g., the "I knew it all along" effect). Although adults also fall prey to the hindsight bias, there is nonetheless a decrease in this bias between ages 3 and 5 (e.g., Bernstein, Atance, Meltzoff, & Loftus, 2007; Bernstein, Erdfelder, Meltzoff, Peria, & Loftus, 2011) . In the context of our task children may have been biased by their current knowledge that there was a mouse on the table, for example, thus leading them to claim that this is why they got the cheese. Yet, by a hindsight account, children in Experiment 3 should have performed equally poorly in all three conditions given that each condition entailed the presentation of new information (i.e., dog ¡ mouse; mouse ¡ dog; dog ¡ cat). The fact that children performed worse in the post-action associative condition (i.e., dog ¡ mouse) than in the non-associative condition (i.e., dog ¡ cat) is consistent with our argument that children are biased by postaction associative information and not by post-action information, more generally.
Given that theory of mind, executive function, and hindsight bias all improve during the preschool years it is unlikely that these abilities can account for the poor performance of the older preschoolers (and the 6-year-olds in Experiment 4). Rather, we believe that what may have led older children to err is the fact that their script-based knowledge is becoming more developed during the preschool (and early school) years and is more readily drawn upon in their reasoning (e.g., Hudson & Nelson, 1983) . Similarly, according to fuzzy-trace theory (e.g., Brainerd & Reyna, 2002) memory representations fall on a continuum from more literal/ verbatim to more gist-like, or "fuzzy." Whereas younger children tend to rely more heavily on verbatim traces compared with gist-like traces, the opposite is true of older children and adults. Accordingly, older children may have been more likely to "fall prey" to the association between "mouse" and "cheese" thus leading them to falsely claim that they went to get the cheese to feed the mouse.
Such an associative account has been proposed by Howe and his colleagues (e.g., Howe & Wilkinson, 2011) in the realm of false memories and, more specifically, that an associative activation of concepts in an individual's knowledge base is ultimately responsible for memory errors in children and adults. In the context of our study then, because "cheese" is more highly associated with "mouse" than with "dog," for example, when children are asked to explain why they went to get the cheese, the concept of "mouse" is activated thus leading them to incorrectly attribute it as the cause of their action. If so, then children with better associative knowledge (e.g., "mice eat cheese") should actually perform worse on our task. Yet given that the 7-year-olds in our study should have the strongest associative knowledge of all, this account cannot explain why they were practically at ceiling on our task ( Figure 5 ).
One possibility is that children's script-based knowledgethough presumably still improving-may lead to less memory bias at this stage in development. This is consistent with research that suggests that children's use of scripts in structuring their recall becomes more flexible around age 7 (e.g., Hudson & Nelson, 1983) . It is also around this age that children become more flexible in their gender stereotypes (e.g., Martin & Ruble, 2004; Trautner et al., 2005) . Alternatively, it may be that the processes that children draw upon to formulate their responses/explanations change with development. Although at first glance our results appear inconsistent with the notion that older children rely more heavily on gist-like memory representations (which would in turn lead to incorrect responses on our task), it is important to note that both gist-like and verbatim processing improve with age (Brainerd & Reyna, 2002) . As such, older children's improved verbatim This document is copyrighted by the American Psychological Association or one of its allied publishers.
recall, at least in the context of our task, may ultimately allow them to reject the possibility that they retrieved the cheese to feed the mouse because they clearly remember getting the cheese to feed the dog. Nonetheless, it is possible that after longer delays (e.g., several days/weeks) the relative weighting of gist-like over verbatim memory traces increases which would result in even 7-yearolds (and possibly older children/adults) claiming that they got the cheese to feed the mouse. This prediction is consistent with fuzzytrace theory's claim that verbatim traces decay more rapidly over time than gist traces (or the memory for meaning) and will thus become less accessible (see also Nelson, 1983, and Ornstein et al., 1998 , for the argument that children's recall becomes more schematic over time).
Conclusion
By age 3, children tend to abide by the priority principle as it pertains to the physical world (e.g., Bullock & Gelman, 1979) . In contrast, our experiments support the idea that when young children are asked to reason about the psychological world-and about the causes of their own actions, in particular-there are contexts in which they appear to abandon this principle. More specifically, when post-action information (e.g., "mouse") is more highly associated with children's action ("get cheese") than was the preaction information ("dog"), children younger than age 7 err. These incorrect causal attributions cannot solely be explained by limitations in memory (Experiment 2), or by a tendency to attribute the cause of one's action to the last piece of information presented (Experiment 3). Whether children would make a similar error in other domains of causal reasoning (e.g., biological) remains to be determined but is an interesting area for future research. We have argued that a number of factors (e.g., inhibitory control, associative knowledge) likely contribute to the errors that children make. Although the precise mechanisms through which these factors interact with age remain to be determined, our findings nevertheless shed light on the sorts of contexts that influence young children's memory, causal reasoning, and action explanation.
